Aims/hypothesis. A reduced first-phase insulin response to intravenous glucose is perceived as a sign of far-advanced deterioration of beta-cell function during the development of Type I (insulin-dependent) diabetes mellitus, but data on insulin responses at the onset of diabetes-related autoimmunity are lacking. We studied the first-phase insulin responses of small children soon after observed seroconversion to autoantibody positivity. Methods. In the Type I Diabetes Prediction and Prevention Study newborn infants are screened for HLA-DQB1-associated genetic risk for Type I diabetes and those with increased risk are followed-up for the emergence of islet-cell antibodies. If antibodies are detected, autoantibodies to three other antigens (insulin, GAD65 and IA-2) are also measured. To measure first-phase insulin responses, intravenous glucose tolerance tests were carried out in 52 (1 to 5-year-old) children who had recently seroconverted to islet-cell antibody positivity.
An autoimmune attack governed by cells of T-cell lineages begins to destroy insulin-producing pancreatic beta cells at a poorly defined time point, as little is known about the course of decline in beta-cell function during prediabetes. The first-phase insulin response (FPIR) in an intravenous glucose tolerance test (IVGTT), due to discharge of the contents of a readily releasable pool of insulin-containing granules docked to the plasma membrane of beta cells [1] , is probably the best currently available in vivo method for the assessment of the insulin-secretory capacity of the beta cells [2, 3] . A release stimulus caused by glucose is clearly more sensitive in detecting early alterations in insulin secretion than that induced by other stimuli [4] .
As a decreased FPIR value has been regarded as a late sign of beta-cell dysfunction [5, 6, 7, 8, 9] associated with a high risk of diabetes development in the near future, it has been expected to be a measure poorly suited for estimation of the risk or prediction of the time of onset of the disease in the early phases of autoimmunity [10, 11] . However, interpretation of the FPIR data obtained previously during the course of prediabetes is difficult because of the wide age range of the subjects studied and the heterogeneity of the stage of their prediabetes, due to the unknown duration of the period when the subjects had had circulating diabetes-associated autoantibodies. Consequently, the sensitivity, specificity and predictive value of FPIR in diabetes prediction and the time scale of the FPIR loss before the onset of clinical Type I diabetes have remained poorly defined [5, 6, 7, 11, 12, 13, 14] .
The Type I Diabetes Prediction and Prevention project (DIPP), launched several years ago in three university hospitals in Finland, is a prospective, populationbased study aimed at recognition of the genetically diabetes-prone individuals at birth [15, 16] . Those at genetic risk are closely observed for the emergence of immunological signs of prediabetes and progression towards clinical disease. The capacity of beta cells to secrete insulin is evaluated by sequential IVGTTs in children who seroconvert to autoantibody positivity, and the children with permanent seropositivity are randomized into a placebo-controlled, double-blind prevention trial, which evaluates the efficacy of immunomodulation by intranasally applied insulin in diabetes prevention. In this study, we measured FPIRs as soon as practically possible in the first 52 DIPP children who seroconverted to islet-cell autoantibody (ICA) positivity during prospective follow-up, and whose parents gave informed consent for the study. Thus, for the first time, the time of seroconversion, assumed to be a firm sign of the initiation of the autoimmune processes, is known in the subjects studied.
Subjects and methods
The DIPP protocol. The Finnish Type I Diabetes Prediction and Prevention project, launched in 1994, now runs in three centres in Finland (the University Hospitals of Turku, Oulu and Tampere) [16] . Children born in these hospitals are screened for critical diabetes-associated HLA-DQB1 alleles at birth [17] , and those with an increased genetic risk (the index children; ~15% of the birth cohort) are invited to be observed for the emergence of diabetes-associated autoantibodies. Assessment of the genetic diabetes risk and immunological follow-up are offered also to older siblings of the index children. A blood sample for the genetic analysis is usually drawn from the sibling at the index child's first follow-up visit, and regular follow-up is initiated if the sibling carries a diabetes risk-associated genotype.
Antibodies are measured in serum at the ages of 3 and 6 months, then at 3-month (in Turku) or 6-month (in Oulu and Tampere) intervals until the age of 2 years, and thereafter at 6-month or 12-month intervals, respectively, up to the age of 15 years. ICA are used as the primary screening tool for betacell autoimmunity. If ICA are detected, autoantibodies against the 65 kD isoform of glutamic acid decarboxylase (GADA), insulin (IAA) and the protein tyrosine phosphatase related IA-2 molecule (IA-2A) are also measured in all samples obtained from the child before seroconversion to ICA positivity (stored at -70°C) and in all subsequent samples, drawn from the ICA-positive children at 3-month intervals. An IVGTT is carried out in the autoantibody positive children at 3-to 12-month intervals. The DIPP project includes an intervention arm where currently the efficacy of intranasal insulin in the prevention of clinical diabetes is being studied in children with permanent autoantibody positivity, using a double-blind randomized study design.
The ethics committees of the participating hospitals and universities have approved the study. Separate informed consents were obtained from the parents before genetic screening of the newborn infant, onset of immunological follow-up, and randomization of the child to the prevention trial.
Genetic screening of the risk for Type I diabetes. HLA-DQB1 alleles *02, *0301, *0302, *0602 and *0603 were identified using a semi-automated technology [17, 18] . Briefly, informative DNA sequences were PCR-amplified directly from cord blood spots dried on filter paper, amplified gene sequences were hybridized in solution with allele-specific, lanthanide chelate-labelled oligonucleotide probes, and the hybridization products were measured using time-resolved fluorometry (VICTOR fluorometer, Perkin-Elmer Life Sciences-Wallac, Turku, Finland).
Subjects with the HLA-DQB1 genotypes *02/*0302 and *0302/x (x not *02, *0301, *0602 or *0603) were selected to follow-up. Children with the *02/*0302 genotype were categorised into the group with high genetic risk (risk of diabetes before the age of 15 years about 8%), and those with the *0302/x genotype into the group with moderate genetic risk (risk 2-3%). The risk of Type I diabetes before the age of 20 years is close to 0.7% in the background population [19] .
Subjects in this study. We carried out IVGTTs in children who seroconverted to ICA positivity (at least one ICA positive sample after a minimum of one ICA negative sample after birth) and were 12 months of age or older, as soon as practically possible after the observed seroconversion. First-phase insulin responses from the very first IVGTT successfully carried out for each child after the seroconversion but before the onset of intervention therapy (i.e., nasal insulin or placebo spray) were included in this analysis.
First-phase insulin responses were obtained from 52 IVGTTs carried out in 48 index children and four siblings ( Table 1) . On three occasions the first IVGTT failed but the test was repeated successfully after 2 to 7 months. The age range of the children (mean ± SD) at the time of the first IVGTT was 1.2 to 4.5 years (2.5±1.1 years), and at the time of the first serum sample containing detectable titres of ICA 0.5 to 4.3 years (1.9±1.1 years). The time from the first ICA seropositive sample to the first IVGTT varied from 0.2 to 0.9 years (0.6±0.2 years). A majority (n=28; 54%) of the children were female. Seventeen children (32.7%; 6 boys and 11 girls) belonged to the group with high genetic risk and 35 children (67.3%; 18 boys and 17 girls) to the group with moderate genetic risk. The body mass indexes ranged from 13.4 to 19.2 kg/m 2 (16.2±1.4 kg/m 2 ; mean ± SD) and that of weightfor-height from -18% to +18% (-2%±8%) on the growth curves of healthy Finnish children. Weight-for-height exceeding +20% is considered as overweight; thus, there were no Data refer to values measured at the time of the intravenous glucose tolerance test. All children had a detectable amount (>2.5 JDFU) of ICA overweight children in the study group. Five children had a first-degree relative with Type I diabetes. As their data showed no apparent differences from the data of the children without diabetes in the family, the data were analysed together. For calculation of FPIRs in healthy, ICA negative small children, preliminary results obtained from a separate, ongoing study (Korhonen et al., unpublished) were used. The 20 control children of normal weight, whose FPIR values were used as reference, were 1.3 to 4.9 years of age.
Autoantibody assays. Islet cell antibodies were analysed in Juvenile Diabetes Foundation units (JDFU) using a standard indirect immunofluorescence assay on a section of frozen human pancreas obtained from a blood group O donor and endpoint dilution titres [20] . The detection limit of the assay was 2.5 JDFU. Our laboratory had a sensitivity of 100% and a specificity of 98% in the recent round of the International Workshop on the Standardization of the ICA Assay. Insulin autoantibodies were measured by a radioligand assay in a microplate format using a modification of a described method [21, 22] . The cut-off limit for IAA positivity was set at the 99 th percentile in 371 non-diabetic Finnish subjects, that is, at 1.56 relative units (RU). The disease sensitivity of this assay was 35% and the disease specificity 100% based on 140 samples included in the 1995 Multiple Autoantibody Workshop [23] .
Autoantibodies to GAD65 were measured using a radioligand assay as described [24] . The results were expressed in RU based on a standard curve run on each plate. The cut-off limit for positivity was 5.36 RU, representing the 99 th percentile in a group of 373 healthy children. The disease sensitivity of the assay was 69% and the specificity 100%, based on the 140 samples included in the Multiple Autoantibody Workshop [23] .
Autoantibodies to IA-2 were measured using a modification of a radioligand method [25] . The cut-off limit for IA-2A positivity was 0.43 RU, representing the 99 th percentile in a group of 374 healthy children and adolescents. The disease sensitivity was 62% and specificity 97% in 140 samples included in the Multiple Autoantibody Workshop [23] .
Intravenous glucose tolerance tests. Intravenous glucose tolerance tests (IVGTTs) were carried out after seroconversion to ICA positivity in children who were one year of age or older. A standard protocol was closely followed [2] . The test began between 8:30 and 9:30 a.m. after overnight fasting. An intravenous cannula was inserted into a dorsal hand vein or antecubital vein after local anesthesia with lidocaine-prilocaine cream (EMLA, AstraZeneca, Södertälje, Sweden). The glucose dose, 0.5 g per kg body weight (maximum 35 g), was infused through the cannula in 3 min ± 15 s. Blood for measuring serum glucose and insulin concentrations was drawn at 5 and 0 min before the start of the infusion, and at 1, 3, 5, and 10 min after the end of the infusion. Since only one intravenous cannula was used for both glucose infusion and sample drawing, meticulous care was taken to flush the line and the cannula properly with normal saline after the glucose infusion, and a 2.0 ml discarded sample was drawn before the true sample. Serum insulin and glucose concentrations were measured using a standard radioimmunoassay and an enzymatic method, respectively. First-phase insulin response was calculated as the sum of serum insulin concentrations at 1 and 3 min. Firstphase insulin response values below 38 mU/l were regarded as decreased in this age group, representing the 5 th percentile of FPIRs in 20 healthy, ICA negative children under 5 years of age (Korhonen et al., unpublished). The area under the 0 to 10 min insulin curve (AUC) was also measured in all study children except two whose 10-min insulin concentrations were lacking.
The intravenous glucose tolerance tests of this study and the insulin analyses were carried out at two university hospital centres. The insulin assays in these two laboratories were compared by the parallel analysis of the same samples (n=38) in both laboratories. The insulin values differed slightly between the two laboratories but correlated strongly (r=0.97), and a regression transformation was done to make the values comparable.
Statistical analyses.
Stepwise multiple regression analysis was applied to examine the dependence of FPIR and AUC (0-10 min) from the age of the child at the time of IVGTT, the genetic risk group, number of positive autoantibody specificities, ICA titre (<20 JDFU or ≥20 JDFU), IAA positivity, GADA positivity and IA-2A positivity. Originally, the delay between the observed seroconversion and the first IVGTT was also included but the variable was omitted as the delay and the FPIR were not associated. Absolute FPIR and AUC values were replaced by rank numbers because the values showed a skewed distribution. Analyses were also carried out so that the dichotomous variables (positive or negative for a given antibody) were replaced by the actual titres or concentrations of the antibodies. In addition, multiple regression analysis was done without ICA to examine the additional effects of other autoantibodies on the FPIR values.
Differences between the groups were analysed using nonparametric Mann-Whitney U test, and correlation between the first and second FPIR was calculated using linear regression analysis. A chi-square test was used for the comparison of frequencies. Statistical analyses were done using the SAS (Version 6.1, Cary, NC, USA) and SPSS (Version 10.0 for Windows, Chicago, Ill., USA) software packages. A p value of less than 0.05 was considered statistically significant.
Results
Altogether 52 IVGTTs were done in 48 index children and four at-risk siblings. The siblings had also seroconverted to ICA positivity during prospective followup, and accordingly the accurate time of seroconversion was known. They were also under 5 years of age at the time of the test, thus being comparable with the index children by both age and history of prediabetes.
Nine children had at least one additional IVGTT before randomization into the prevention trial or the diagnosis of clinical diabetes. The correlation (r) between the first two tests carried out at 2.8 to 11.3-month intervals was 0.87 (p=0.002), suggesting that the intraindividual variation in the FPIR values is modest at this age (Fig. 1) .
Of the 52 children who recently had seroconverted to ICA positivity, 22 (42%) had a reduced FPIR in their first post-seroconversion IVGTT, as defined by a value under the 5 th percentile (38 mU/l) of FPIRs of 20 healthy children 1.3 to 4.9 years of age. Multiple regression analysis showed that ICA was an independent predictor of FPIR (p=0.0005), whereas the age of the child at the time of IVGTT and genetic risk group approached but failed to reach significance (p=0.0681 and p=0.064, respectively). The children (n=26) with ICA titres greater than or equal to 20 JDFU had lower FPIRs (geometric mean 29 mU/l, range 7-186 mU/l) than the children (n=26) whose ICA was less than 20 JDFU (59 mU/l; 8-258 mU/l; p=0.001) (Fig. 2) . Of those with an ICA titre greater than or equal to 20 JDFU, 15 out of 26 (58%) had a subnormal FPIR (<38 mU/l), whereas only seven (27%) of those with a low ICA titre showed a reduced response (χ 2 =5.04, p=0.025). If ICA was omitted in the multiregression analysis, IAA positivity was the most significant predictor of FPIR (p=0.0009). Of those positive for IAA, 18 out of 31 (58%) had a subnormal FPIR (<38 mU/l), and only four (19%) of those negative for IAA showed a reduced response (χ 2 =7.81, p=0.005).
If the actual autoantibody titres were used in the multiregression analysis instead of dichotomous variables (positivity or negativity for a given autoantibody), a low FPIR was associated with an increased number of positive autoantibody specificities (p=0.001) and high titre of IAA (p=0.049). First-phase insulin responses (geometric mean; range) declined with increasing number of positive autoantibody specificities (ICA only, 61 mU/l; 26-218 mU/l, one additional autoantibody 47 mU/l; 22-97 mU/l, two additional autoantibodies 38 mU/l; 12-258 mU/l, and three additional positive autoantibody specificities 25 mU/l; 7-77 mU/l) (Fig. 3) .
Of those 19 children who were positive only for ICA, four (21%) had a subnormal FPIR, whereas 18 out of those 33 children positive for at least one additional antibody had a low response (χ 2 =5.54, p=0.019). The specificity of the other antibody in addition to ICA influenced the FPIR values only slightly. The geometric mean value (range) in children, who in addition to ICA were positive for IAA was 32 (7-258) mU/l, negative for IAA 62 (26-218) mU/l (p=0.001); positive for GADA 29 (7-186) mU/l, negative for GADA 56 (12-258) mU/l (p=0.004); and in those positive and negative for IA-2A 31 (range 7-258) and 49 (range 13-218) mU/l, respectively (p=0.071) (Fig. 2) . Multiple regression analysis showed that positivity for GADA or IA-2A or their concentrations in serum were not independent predictors of FPIR, but related to ICA, IAA and the number of positive autoantibody specificities.
The most significant independent predictor of AUC(1-10 min) for serum insulin during IVGTT was ICA (p=0.0002), as it was also the best predictor of FPIR. In addition, the child's age at the time of IVGTT and his or her genetic risk group reached significance in multiregression analysis (p=0.045 and 0.031, respectively). The geometric mean of AUC(0-10 min) values of those with a moderate diabetes risk was 205 mU/l -1 · 10·min -1 (range 68-1005) and of those with a high risk 139 mU/l -1 · 10·min -1 (range 44-605) (p=0.055 for the difference between groups). The HLA-DQB1 risk genotype predicted the first post-seroconversion FPIR value poorly, although the values of moderate-risk children were slightly higher than those of the high-risk children (47; 8-258 mU/l vs 32; 7-147 mU/l, respectively; p=0.095).
The children with high titres of ICA or positive for IAA were slightly younger at the time of detection of seroconversion and at the time of the IVGTT than children with low titres of ICA or negative for IAA (mean age ± SD of those with high and low titres of ICA 1.6±1.1 and 2.2±1.0 years at the seroconversion, and 2.1±1.0 and 2.8±1.0 years at the first IVGTT, respectively, p=0.005 for both comparisons; mean age ± SD of those positive and negative for IAA 1.6±1.0 and 2.3±1.0 years at the seroconversion, and 2.2±1.0 and 2.9±1.1 years at the first IVGTT, p=0.011 and 0.014, respectively). The children with high titres of ICA or positive for IAA had also more positive autoantibody specificities (those with a high or low titre of ICA: median 3.5 antibodies vs 1 antibody, p<0.001, those positive or negative for IAA: median 3 antibodies vs 1 antibody, p<0.001). Children with high titres of ICA were more often positive for any one of the other autoantibodies, as among these 26 children, 24 (92%) were positive also for IAA, 19 (73%) for GADA, and 16 (62%) for IA-2A, while among the 26 children with low ICA titres only seven (27%, χ 2 =23.08, p<0.001), five (19%, χ 2 =15.17, p<0.001) and three (12%, χ 2 =14.02, p<0.001) subjects tested positive for the respective other autoantibodies. The proportion of children at high genetic risk was slightly higher among those with an ICA titre greater than or equal to 20 JDFU (38% vs 27%, χ 2 =0.79, p=0.375), and among those positive for IAA (39% vs 24%, χ 2 =1.26, p=0.261).
Five children positive for ICA only seroconverted back to ICA negativity after 1 to 4 samples taken at 3-month intervals. They all had low ICA titres, and their FPIRs did not differ from those children (n=14) who were also positive for ICA only but remained ICA positive in the follow-up (geometric mean for those positive for ICA only temporarily 62 mU/l, range 43-95 mU/l, and 61 mU/l for those permanently ICA positive, range 26-218 mU/l).
Before 1st May 2001, 13 of the 52 study children (6 boys/7 girls) had developed clinical Type I diabetes at a mean age of 3.5 years (range 2.1-4.9 years). The geometric mean of the first FPIRs of these children, 0.6 to 3.3 (mean 1.9) years before the diagnosis, was 20 mU/l (7 to 47 mU/l) (Fig. 4) . The initial FPIR of two children was within the normal range (≥38 mU/l). Seroconversion to ICA positivity had occurred 2.2 (1.0-3.5) years and seroconversion to any autoantibody positivity 2.4 (1.2-3.8) years before the diagnosis. Of the 13 children two had a first-degree relative with Type I diabetes.
The children (n=11) with a low FPIR (<38 mU/l) but no diabetes so far had a mean FPIR of 24 mU/l (geometric mean, range 8-35 mU/l) in their first test (p=0.209 for the difference between the mean FPIR in this group and in those who have developed diabetes) (Fig. 4) . The follow-up of these non-progressors had on 1st May 2001 continued for 2.0 to 4.4 years (mean 2.9 years) after seroconversion to any autoantibody positivity, and for 1.5 to 4.4 years (mean 2.7 years) after seroconversion to ICA positivity. At the time of the first IVGTT, the children who later developed diabetes had a higher ICA titre (median 130 JDFU vs 18 JDFU, p=0.005) and were more frequently positive for IAA (100% vs 64%, χ 2 =5.67, p=0.017) than those who so far have remained non-diabetic. The number of positive autoantibody specifities (median 4 vs 3 in those with and without diabetes, respectively, p=0.150), the frequency of GADA positivity (69% vs 55%, χ 2 =0.55, p=0.459) or the frequency of IA-2A positivity (62% vs 36%, χ 2 =1.51, p=0.219) did not differ between the two groups at that time point. The high-risk genotype was not more frequent among the progressors than among those without the disease (38% in those with vs 45% in those without diabetes, χ 2 =0.12, p=0.729). Insulin concentrations of individual children at each time point during the 10-min IVGTT are shown in Figure 5 .
Discussion
Decreased FPIR has been regarded as an indicator of advanced beta-cell destruction, i.e., late prediabetes [3, 5, 6, 7, 8, 9] . This study shows that very low FPIRs are common shortly after seroconversion to autoantibody positivity in young children with HLA-DQB1-associated genetic risk for Type I diabetes and isletcell antibodies. The finding might suggest that in young children the autoimmune-mediated destruction of beta cells occurs early in the course of prediabetes, as previously assumed [3, 26] , but in our series of prospectively observed children a number of individuals have remained non-diabetic for a relatively long time period despite very low FPIRs. Our findings raise the issue of metabolic compensation mechanisms, e.g., changes in insulin sensitivity, that could alter disease progression so that the child remains normoglycaemic for a considerable period of time in spite of minimal FPIRs. Also, the very early attenuation of FPIR might suggest the possibility of beta-cell failure preceding detectable autoantibody positivity. It has been reported earlier that ICA negative siblings of diabetic children could have abnormally low FPIRs, suggesting an intrinsic, non-immune mediated defect of insulin secretion in these children [27] ; however, other autoantibodies were not measured in that study.
First-phase insulin responses were attenuated early especially in the children with high ICA titres, and in children positive for IAA or multiple autoantibodies. The association between low FPIRs and high ICA titres, reported earlier in close relatives of patients with Type I diabetes [13, 14] , suggests that conspicuous amounts of antigens are most likely released during beta-cell destruction, resulting in a strong humoral immune response. Despite the fact that the mechanisms of decline in the functional secretory capacity of the beta cells remain speculative, ICA titres could to some extent be used as indicators of the stage of impairment of insulin-secretory capacity of the beta cells [13] . High ICA titres are associated with an increased risk of Type I diabetes; it has been suggested that this could be due to the usual association of high titres of ICA with autoantibodies to GAD and IA-2 [28] . In our study children with high ICA titres were more often positive for IAA, GADA, IA-2A and multiple autoantibodies than those with low ICA titres. However, GADA and IA-2A failed to independently predict FPIR but were linked with a high ICA, IAA or positivity for multiple autoantibodies. Controversial results have been reported on the association of IAA and FPIR in relatives of patients with Type I diabetes. In a sub-study of DPT-1, low FPIRs were observed in subjects with high titres of IAA [14] , whereas in a Finnish study such an association was not observed [13] . In this study, the first FPIR values were lower in children with a higher number of detectable autoantibodies, a phenomenon possibly reflecting rapid epitope spreading from one to multiple beta-cell antigens in these children. An association between positivity for multiple autoantibody specificities and a low FPIR was also observed in a cohort of schoolchildren, representing non-familial Type I prediabetes [29] . In that series no association could be detected between ICA and FPIR, whereas positivity for IAA was associated with a low FPIR. The wide variations in results obtained in studies on the relationship between different variables of diabetes-related autoimmunity and meta- bolic markers such as FPIR suggest that the predictive value of each variable could depend on the study cohort (age, familial vs sporadic Type I diabetes mellitus etc.).
Reference ranges of FPIR in healthy young children are poorly defined. It has been reported that FPIR increases with age, especially during puberty when insulin sensitivity is decreased [12, 27, 30, 31] . However, only a few children less than 5 years old have been included in these studies. In this study, the children with multiple autoantibody specificities and high autoantibody titres were slightly younger than those with ICA only or those with a low ICA titre. The age range in our study was, however, rather narrow (1-5 years), and the age was not found to be an independent predictor of FPIR within this group.
In earlier studies, the association between the HLA-DQB1 genotype and FPIR has been controversial. Among ICA positive siblings of children recently diagnosed with Type I diabetes the high-risk genotype HLA-DQB1 *02/*0302 is associated with a low FPIR [13] . However, no association between a diminished FPIR and high-risk HLA-DQB1 genotype was observed in a group of ICA positive schoolchildren, all comprising non-familial cases of prediabetes [29] . In this study representing mostly also non-familial prediabetes, the HLA-DQB1 genotype was not an independent predictor of FPIR, but seemed to predict the AUC(1-10 min) for insulin during the 10-minute IVGTT. As mentioned above, it has been reported earlier that ICA negative siblings of diabetic children could have abnormally low FPIRs [27] . However, as in that study only ICA was measured, children with low FPIRs could have had other diabetes-associated autoantibodies. Autoantibody negative children with an HLA-DQB1 -conferred diabetes risk would probably represent the most suitable control group for the autoantibody positive risk children of this study. Before such analyses become available, an intrinsic, nonautoimmune mediated defect of beta-cell function in those with risk HLA-DQB1 genotypes remains a possibility.
The value of FPIR in the prediction of Type I diabetes has been questioned. Doubts have been raised concerning the sensitivity, specificity, reproducibility and predictive value of the methodology [5, 6, 7, 11, 12] . The extent to which FPIR reflects the rate of beta-cell destruction and predicts the time of onset of Type I diabetes is still a matter of controversy. In the earlier studies wide age ranges of the study subjects, relatively short follow-up times, and unknown history of the subjects' seropositivity have complicated meaningful interpretation of the results. In those previous studies the prediabetic subjects have been seropositive for autoantibodies for an unknown period of time prior to the first IVGTT, since seropositivity has usually been an inclusion criteria for follow-up. Longitudinal studies with long follow-up times, large cohorts of study subjects, and frequently repeated tests are obviously needed to evaluate the usefulness of FPIR in diabetes prediction. The importance of follow-up is highlighted also by the fact that several cross-sectional studies in older subjects have shown no differences in the FPIRs between ICA positive and negative subjects, but later the FPIRs of the ICA positive subjects have decreased [12] .
In this study, we assessed beta-cell function close to the initiation of recognisable beta-cell autoimmunity. It has been assumed that the cascade of autoimmune events leading to Type I diabetes later possibly starts early in life, perhaps before the age of 6 years [32] . Most children in the DIPP follow-up were recruited into the double-blind intervention study by the time of the second IVGTT. Since the test treatment (intranasal insulin) could affect the FPIR values, thorough analysis of our longitudinal follow-up data becomes possible only when the double-blinded prevention trial has been completed.
It is difficult to accurately catch the very moment of seroconversion to autoantibody positivity for assessment of beta-cell function at the time of emergence of autoantibodies, but our approach probably represents the earliest possible post-seroconversion stage, although two limitations have to be kept in mind. Firstly, we use ICA as the primary marker of beta-cell autoimmunity, and measure other autoantibodies only if ICA has been detected. In our cohort like in others [33, 34] IAA is most often the firstemerging autoantibody in young children, and thus the autoimmune processes could have continued for some time at the time of seroconversion to ICA positivity. However, this delay in timing is probably minimal, as we recently showed that the autoantibodies usually emerge within a short time window in those young children who develop multiple autoantibodies [34] . Secondly, the follow-up interval was either 3 or 6 months before the age of 2 years, and 6 or 12 months after the age of 2 years; thus, if the seroconversion occurs immediately after the previous sample, the interval between the true and observed seroconversion could maximally lengthen to almost one year. Furthermore, occasionally a follow-up visit is skipped by the family, which naturally causes a longer follow-up interval than planned.
Of the children in this study thirteen developed clinical Type I diabetes by 1st May 2001. Of them eleven had a low FPIR in their first IVGTT. At the time of the test, they had higher ICA titres than the children with low FPIRs but no diabetes during follow-up. The group of children in the DIPP project with diabetes is, however, still too small to allow the assessment of the predictive characteristics for the various variables, such as FPIR, observed close to the time of seroconversion.
Our data show that a reduced FPIR is present in about 40% of young children with increased genetic susceptibility to Type I diabetes close to the first sample positive for ICA indicating that insulin secretory capacity could be decreased early in the course of preclinical diabetes in such individuals. High initial ICA and IAA titres and positivity for multiple autoantibodies were predictors of a reduced FPIR. Repeated IVGTTs in nine children suggest that the reproducibility of the FPIR is relatively high with no observed conversion from a reduced response to a normal response and vice versa between the two test occasions. Some children with a conspicuously impaired FPIR initially have remained non-diabetic for several years. This indicates that the insulin response to stimuli other than glucose has remained normal or that insulin sensitivity is increased in these children.
